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1. introduction 
Intrinsic fluorescence has proved to be very useful 
for studying protein-protein or lipid-protein inter- 
actions [l--8 J. Although these studies are mostly 
restricted to the analysis of intensity or wavelength 
changes in the emission spectra, polarization measure- 
ments can afford valuable information, as shown in 
the self-association of apo-lipoproteins [7,8] and the 
interaction of glucagon with lipids [5,6]. Here, 
intrinsic fluorescence polarization is applied to the 
study of the self-association of mellitin, and of its 
binding to lipids. Melittin is a small amphipathic 
peptide of 26 residues, extracted from bee venom, 
which is known to have a direct lytic activity on 
living cells [9-l 1 J. It contains only one fluorescent 
residue, Trp,,, and its emission spectrum is very 
sensitive to interactions with lipids [I ,3]. 
2. Materials and methods 
Melittin was purchased from Serva, and was used 
without further purification. Glucagon and dipalmi- 
toylphosphatidylcholine (DPPC) were supplied by 
Sigma, dipalmitoylphosphatidylglycerol (DPPG) by 
Serdary Res. Labs and phosphatidylserine (PS) by 
Lipid Products. Lysolecithin was prepared by the 
action of phospholipase AZ on egg yolk lecithin, 
according to [ 121. 
All the experiments were performed in a 20 mM 
phosphate buffer (pH 7.5) containing 1 mM EDTA 
to inactivate any trace of phospholipase Aa which 
could contaminate the melittin sample [3,4,13]. The 
Elsevier/North-Holland Biomedical Press 
preparation of liposomes and the binding experiments 
were carried out as in [3,4]. 
Fluorescence polarization measurements were 
done with an apparatus built in the laboratory, 
following the scheme proposed in [ 141. The studied 
samples were generally rather turbid, the binding of 
melittin inducing a breakdown of the vesicular lipid 
structure [ll]. So, it has been controlled that 
turbidity does not perturb the polarization measure- 
ments either by varying the lipid concentration or by 
using fluorescence cuvettes of 0.5 cm pathlength. 
3. Results 
3 .I. ~elf~ssociation of mel~ttin 
Until now, it was generally recognized that melittin 
exists in solution in a tetrameric form [10,13,15]. 
However, results presented in fig.la show that the 
behaviour of melittin is not so simple. An increase 
of the ionic strength leads to an enhancement of the 
degree of polarization P which reaches a plateau at 
-1-2 M NaCl. Moreover, this effect depends on the 
melittin concentration, which is directly confirmed 
by the results in fig.1 b: P increases regularly, at fixed 
ionic strength, when the concentration of melittin is 
enhanced. 
This change of P can be attributed to a decrease of 
the rotation rate of the Trp residue and, since it 
occurs at constant viscosity and temperature, it has 
to be related to a change in the aggregation state of 
the peptide. Assuming that the complex is spherical 
and that the intramolecular rotation rate of Trp 
remains constant, Perrin’s equation [ 161: 
187 
Volume 102, number 1 l-EBS LETTLRS June 1979 
0,051 
0 
400 
I I I 
0.5 I,0 1,s 
[NaCll (M 
0,051 I I 1 I 1 
0 0.1 0.2 0,3 0.4 0,5 
[Meltttlnl (mM ) 
Fig la Effect of the NaCl concentration on the degree of 
polaruatlon P of mehttm at 20 bM (-•-) and 200 PM (-o-) 
Temp , 25°C Evcltation wavelength, 300 nm Fig lb Degree 
of polarlzatlon Pas a function of the mehttm concentration 
Phosphate buffer 20 mM (pH 7 5), EDTA 1 mM, N&l 
0 3 M Temp , 25°C Cvcltdtlon wavelength, 300 nm 
(P-l - 1/3) = (PO-l - l/3) (1 + RTr/vV) 
can then be apphed, and it IS easy to show that the 
uutlal (V,) and fmal (V,) volumes of the fluorescent 
species are related to the correspondmg P, and Pf 
values by (V,/V,) = (P,-l - Po-l)/(Pf-l -PO-l) 
at constant temperature T, vlscoslty q and hfetlme 7 
It has been verlfled that the total fluorescence mten- 
slty IS not markedly changed upon mcreasmg loruc 
strength, and so, 7 can effectively be considered as 
constant PO has been measured usmg a solution of 
mehttm m glycerol, and found equal to 0 294 when 
the excitation wavelength IS 300 nm The uutlal P, 
and fmal P, values can be evaluated from the results 
of fig 1 b and are found, respectively, equal to 0 065 
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Fig 2 Temperature dependence of the degree of poldrlzatlon 
P of mehttm at 120 PM (-•-) and 583 /IM (-o-), m phosphate 
buffer 20 mM (pH 7 5), CDTA 1 mM, NaCl 0 3 M Glucagon 
64 PM (- + -) m K,HPO, 0 76 M (pH 10 6) Excltatlon 
waveleneth, 300 nm 
and 0 145, which leads to (V,lVJ z 3 4 Thus, It 
seems that tetramers of melrttm dissociate mto 
monomers at low lomc strength and/or peptlde 
concentration 
The degree of polarization of mehttm IS plotted 
m the fig 2 as a function of temperature At high 
NaCl(0 3 M) and peptlde (580 /*M) concentrations 
mehttm IS mainly m the tetramenc form, and P 
decreases monotonously from -4°C to 65°C On 
the contrary, at lower mehttm concentration 
(120 PM), monomers and tetramers coexist in 
notable proportions (see fig 1 b), then P slightly 
increases between -4°C and 25°C Such an anomalous 
variation has been observed m the case of apohpo- 
protems [7,8] and it can only be explained by 
assuming that, m this temperature range, the expected 
mcrease of the rotational moblhty of Trp residues 
1s compensated for by a displacement of the assocla- 
tlon equlhbrmm promoting the formation of tetramers 
For companann, results obtained with glucagon, 
which IS known to form a trlmer m solution [ 17,181, 
are also plotted m the fig 2 In this case, P decreases 
very rapidly when temperature IS raised, in agreement 
with previous results showing a 103-fold decrease of 
the assoclatlon constant between 5°C and 50°C [ 191 
3 2 Balduzg of mehttw to phosphohptds 
In the presence of phosphohplds, an increase of P 
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Fig.3. Degree of polarization P of melittm versus the lipid : 
protein molar ratio Ri: (- + -) phosphatidylserine and (-•-) 
lysolecithin in phosphate buffer 20 mM (pH 7.5), EDTA 
1 mM; (-o-) lysolecithin in NaCl 2 M. Excitation wavelength, 
280 nm. 
is observed, as in the case of glucagon [5,6], due to 
the formation of large size lipid-protein complexes 
(fig.3). As shown in [3], the stoichiometry of the 
complexes depends upon the net charge of the phos- 
pholipid: it is of 4-5 and -10 lipid molecules/ 
protein, respectively, in the case of negatively charged 
PS and zwitterionic lysolecithin. Binding occurs even 
in 2 M NaCl, which shows: 
(i) That hydrophobic interactions are involved in 
the stabilization of the complex; 
(ii) That tetramers of melittin may interact with 
lipids as well as monomers. 
Moreover, although the shape of the binding curve 
is more complex in the case of tetramer, the P values 
obtained at the plateau are very close in both cases, 
which could indicate that the structures of the lipid- 
protein complexes are quite similar, in agreement 
with a recent NMR study [20]. 
The effect of the lipid fluidity has been investi- 
gated using zwitterionic DPPC and negatively charged 
DPPG, both lipids having a melting transition temper- 
ature (T,_) centered at 41°C. The binding of melittin 
was first performed above T,, around 45”C, then 
the temperature dependence of P was recorded 
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Fig.4. Temperature dependence of the degree of polarization 
P of melittin 20 PM in the presence of DPPG (Ri 48) (- + -) 
and DPPC (Ri 61). (-•-) Cooling curve; (-o-) heating curve. 
Excitation wavelength, 280 nm. 
(fig.4). Only a very slight effect on P is observed at 
T, in the case of the melittin-DPPG complex. On 
the contrary, in the case of DPPC, the changes of P 
centered around 41°C and 30°C lead to the unexpected 
conclusion that the rotational mobility of Trp 
residues increases when the lipid undergoes the liquid 
to gel transition. This could be due either to a vertical 
displacement of melittin with respect to the bilayer, 
or to the dissociation of the complex. It seems that a 
release of melittin in the solution is at least in part 
responsible for the observed phenomenon, since the 
precipitation of DPPC by centrifugation at 20°C 
allows the recovery of most of the melittin unbound 
in the supernatant. The anomalous variation of P 
around 3O”C, which is probably related to the pre- 
transition of DPPC, occurs very slowly as a function 
of time (several hours) upon decreasing temperature. 
This may explain the apparent discrepancy between 
heating and cooling curves, and why the release of 
me&tin has not been previously detected [3,21,22]. 
4. Discussion 
One of the main conclusions which arises from the 
above results is that intrinsic fluorescence polarization 
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allows us to obtam mterestmg and complementary 
mformatlon on the self-assoaatlon as well as on the 
bmdmg to hplds of mehttm Concerning the first 
point, It IS clear that mehttm gives rise m solution to 
a monomer f tetramer equlhbrmm depending on the 
ionic strength and on the temperature of the medium 
This equlhbrmm has also been detected m the labora- 
tory by many other techmques gel filtration, ultra- 
centrifugation, light scattermg (in preparation) 
On the other hand, the above results show that 
mehttm mteracts with zwltterlomc and negatively 
charged hplds m very different ways the physical 
state of the hplds effectively controls the bmdmg to 
zwlttenons, whereas It has practically no effect m the 
case of negatively charged lipids The partial revernblh- 
ty of the mteractlon with DPPC indicates that the 
effect of lipid fluidity IS not only kinetic, as proposed 
m [ 1,3] but It results m a drastic decrease m the 
affinity of mehttm towards phosphatldylchohnes m 
the gel state The behavlour of mehttm 1s then 
opposite that of glucagon, which IS known to Interact 
preferentially with dunyrlstoylphosphatldylcholme 
below T, [6] Finally, it has to be notlced that the 
pretransltlon of DPPC seems to play an important 
role m the dlssoclatlon of the complex, which means 
that the chain fluldlty IS not the only lmphcated 
parameter 
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